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Abstract

Aim The purpose of this review is to examine the applications of novel digital technology domains for the screening and
management of patients with diabetic retinopathy (DR).

Methods A PubMed engine search was performed, using the terms “Telemedicine”, “Digital health”, “Telehealth”, “Tel-

99 < 9% ¢

escreening”, “Artificial intelligence”, “Deep learning”, “Smartphone”, “Triage”, “Screening”, “Home-based”, “Monitoring”,
“Ophthalmology”, “Diabetes”, “Diabetic Retinopathy”, “Retinal imaging”. Full-text English language studies from January
1, 2010, to February 1, 2022, and reference lists were considered for the conceptual framework of this review.

Results Diabetes mellitus and its eye complications, including DR, are particularly well suited to digital technologies,
providing an ideal model for telehealth initiatives and real-world applications. The current development in the adoption of
telemedicine, artificial intelligence and remote monitoring as an alternative to or in addition to traditional forms of care will
be discussed.

Conclusions Advances in digital health have created an ecosystem ripe for telemedicine in the field of DR to thrive. Stake-
holders and policymakers should adopt a participatory approach to ensure sustained implementation of these technologies
after the COVID-19 pandemic. This article belongs to the Topical Collection "Diabetic Eye Disease", managed by Giuseppe

Querques.

Keywords Telemedicine - Teleophthalmology - Artificial intelligence - Diabetes mellitus - Diabetic retinopathy - Digital
health

The burden of diabetes mellitus and diabetic DM patients suffer from DR with an expected increase in

retinopathy global DR rates of 55.6% from 2020 to 2045 [1].
Early detection through active screening and timely treat-
Diabetic retinopathy (DR) is the most common ocular com- ~ Ment of vision-threatening DR are the best ways to reduce

plication caused by diabetes mellitus (DM) and a leading  the risk of vision loss [2]. The key strategy to detect DR is

cause of preventable blindness globally [1]. Nearly 30% of annual fundus examination, which can be performed through
several methods and by different screeners as seen across

countries worldwide [3, 4].

This article belongs to the topical collection Eye Complications of Great emphasis has been placed on telemedicine as a DR
Diabetes, managed by Giuseppe Querques.

screening program to enable early detection and treatment
54 Stela Vujosevic of sight-threatening DR. DM and DR are particularly well

stela.vujosevic @unimi.it suited to digital technologies, providing an ideal model for
telehealth initiatives with real-world application [3]. The
COVID-19 pandemic has led to an unprecedented adoption
of telemedicine and telehealth, which would not have other-
wise happened in such a short span of time [4].

The purpose of this review is to report on the current level
of development in the adoption of telemedicine for the man-

Department of Biomedical, Surgical and Dental Sciences,
University of Milan, Milan, Italy

2 Eye Clinic, IRCCS MultiMedica, Via San Vittore 12,
20123 Milan, Italy

University of Milan, Milan, Italy

4 Depa.rtment 'Of Biomedical Sciences for Health, University agement Of patients Wlth DR’ Wlth a particular emphasis on
of Milan, Milan, Italy digital advancements in screening methods. The best appli-
> Department of Endocrinology, Nutrition and Metabolic cations of telehealth models of care and the use of artificial

Diseases, IRCCS MultiMedica, Milan, Italy

@ Springer


http://orcid.org/0000-0001-6773-9967
http://crossmark.crossref.org/dialog/?doi=10.1007/s00592-022-01941-9&domain=pdf

1522

Acta Diabetologica (2022) 59:1521-1530

intelligence (AI) for DR as an alternative to or in addition
to traditional forms of care will be discussed.

Search strategy and selection criteria

To identify potentially relevant published research in Pub-
Med were searched from January 1, 2010, to February 1,
2022, with the following search terms: (“Telemedicine” [All
fields]) OR (“Digital health” [All fields]) OR (“Telehealth”
[All fields]) OR (“Telescreening” [All fields]) OR (“Arti-
ficial intelligence” [All fields]) OR (“Deep learning” [All
fields]) OR (“Smartphone” [All fields]) AND (“Triage” [All
fields]) OR (“Screening” [All fields]) OR (“Home-based”
[All fields]) OR (“Monitoring” [All fields]) AND (“Oph-
thalmology” [All fields]) OR (“Diabetes” [All fields]) OR
(“Diabetic Retinopathy” OR (‘“Retinal imaging” [All fields])
AND (English [Language]). Full-text English language stud-
ies and reference lists were considered for the conceptual
framework of this review.

Telemedicine in DR screening

Despite the recommendation for annual DR examination
in patients with DM as a cost-effective method to reduce
preventable blindness, screening is poorly implemented
and is not likely to deal with the increasing demand in the
future due to the escalating population with newly diagnosed
DM [1]. Against this backdrop, the maturation of digital
technologies, including Al approaches, and the further con-
solidation of telehealth have created an unprecedented eco-
system for new opportunities in screening, diagnosis, and
management of DR [3, 4]. Therefore, new digital models of
care have been quickly deployed to expand standards of eye
care delivery for patients with DM by integrating existing
methods to address the growing challenges of patient non-
compliance and limited access to care.

Several screening programs worldwide have been suc-
cessfully implemented using 1, 2, or 3 fundus fields (mostly
45°) for DR [5-7].

Ocular telehealth programs for DR rely on the acquisition
of retinal images to determine the presence and severity of
DR and diabetic macular edema (DME), mainly based on a
store-and-forward approach [5].

The gold standard procedure to detect and study DR in
clinical trials had been in the past the seven standard field
stereoscopic Early Treatment Diabetic Retinopathy Study
(ETDRS) mydriatic 35 mm color slides, and currently are
digital fundus 30° color photographs (7F-ETDRS).

7F-ETDRS has proven to be cumbersome and time-con-
suming in the screening and clinical setting, and therefore,
different imaging methods with distinct acquisition protocols
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have been explored for DR screening. Most screening ser-
vices have established a two-field 45° digital color fundus
photograph (CFP) strategy, showing a good balance between
diagnostic accuracy, technical feasibility, and patient com-
pliance. The non-mydriatic two-field approach is considered
a practical strategy in DR screening programs using digital
retinal imaging, with pupil dilation only when images are
ungradable. Compared to the ETDRS gold standard, the
sensitivity and specificity of two-field CFP were 96% and
89%, inferior to those of three-field CFP (92% and 96%), but
superior to those of single-field CFP (78% and 86%) [6, 7].

The most accomplished nationwide DR screening pro-
gram based on telemedicine has been established in the UK,
with an uptake of above 80% of DM population [8]. After
introducing this effective screening program, DR/maculopa-
thy does not represent the major cause of certifiable blind-
ness anymore in England and Wales among working-age
adults, for the first time in the last 50 years [9].

Even if conventional 45° CFP is the most common
approach to retinal image acquisition for DR screening, it
has the shortcoming of providing limited visualization of
the peripheral retina. Advances in non-mydriatic imaging
have allowed overcoming this limit by means of ultra-wide-
field (UWF) retinal imaging [10, 11]. UWF fundus photog-
raphy on scanning laser ophthalmoscope (SLO) has been
compared favorably with 7F-ETDRS photographs and has
allowed identification of DR lesions outside the standard
ETDRS fields, allowing the visualization of significantly
greater area of the retina up to 200° coverage [12].

In addition, only one image is needed by means of UWF
fundus camera and can be captured without pupil dilation.
Therefore, non-mydriatic UWF imaging showed to be useful
for DR ocular telehealth program by reducing the number
of ungradable images, increasing the identification of DR
nearly twofold, and identifying peripheral lesions suggesting
more severe DR [13].

Teleophthalmology initiatives showed that including
OCT can improve the efficiency of DR/DME screening pro-
grams. Given the advantages of the OCT device for DME
assessment, OCT will be likely incorporated in well-estab-
lished DR screening programs with screen-positive macu-
lopathy [14, 15].

However, all the above-mentioned retinal imaging devices
have limited use worldwide due to the high cost, limited
portability, and lack of technical expertise. Novel hybrid
telemedicine systems have been explored over the current
design methods to allow a wider coverage for DR screening,
such as diagnostic sets hard-mounted on vans. A combina-
tion of a mobile UWF cameras mounted on vehicles and
fixed-location classic cameras in clinics has optimized the
telemedicine health network and the use of current diagnos-
tic resources [16].
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Mobile diagnostic sets have been harnessed in China by
the large-scale nationwide telemedicine-enabled screening
program, including several primary sources of referrals such
as host hospitals, the community, and mobile vans equipped
with fundus cameras [17]. Also, this screening program has
leveraged smartphones to provide electronic medical reports
via a messenger app.

Recently, hand-held, portable fundus cameras and smart-
phone-based retinal imaging have been gaining popularity
as alternative to traditional tabletop retinal cameras for their
cost-effectiveness and enhanced usability [18, 19]. This is
important in less affluent, rural areas and developing world
and in pandemic context, where qualified staff and medi-
cal equipment are lacking. Compared to conventional CFP,
smartphone ophthalmoscopy has performed well in detect-
ing DR and PDR [20]. However, as reported by the Ameri-
can Academy of Ophthalmology, the single-field macular
centered 45° image taken with tabletop cameras has shown
to be only sufficient in initial screening to recognize the pres-
ence of disease and not as a substitute for a comprehensive
fundus examination [21].

Telemedicine programs based on imaging with these
low-cost devices and remote interpretation have opened
new avenues for assessing DR, facilitating larger popula-
tion coverage and timely referral to eye specialists for those
with sight-threatening DR. Also, fundus cameras with inte-
grated Al-based algorithms can provide instant DR diagno-
sis, reducing the burden on healthcare systems [18].

The MII RetCam and the Remidio Fundus on Phone are
two devices designed, manufactured and tested in India [22,
23] in teleophthalmology community-based DR screening,
with a reported sensitivity of the latter of 100% for detecting
referable DR [23].

However, future studies are warranted to test the imple-
mentation of these new devices.

Table 1 summarizes different approaches of retinal image
acquisition for DR screening.

Table 1 Different methods of retinal image acquisition in DR teleretinal screening

Tabletop/traditional fundus cameras

Non-mydriatic fundus camera hard-mounted in offices or mobile, on vehicles

45° and 60°

Ultra-wide-field cameras [12, 13]
Hard-mounted in offices or mobile, on vehicles
200° (Optos PLC, Dunfermline, Scotland, UK)

133° or 200° with montage Clarus (Carl Zeiss Meditec, Inc, Dublin, CA)

105° (Heidelberg Engineering, Inc., Heidelberg, Germany)

150° with montage or 110° in a single shot with the UWF module or 200° with three mosaic images (Eidon, ICare, Finland)

163° (Mirante, NIDEK Co., Ltd., Aichi, Japan)

Portable fundus cameras [18]

Portable hand-held camera (possibility for in-home testing)
40° (Visuscout 100, Carl Zeiss, Jena, Switzerland)

40° (Optomed smartscope Pro, Optomed plc, Finland)
45°%40° (VersaCam «, Nidek Co. Ltd., Japan)

50°x40° (Signal, Topcon, Tokyo, Japan)

50° Volk Pictor Prestige (Volk Optical, Inc, Mentor, USA)
45° Dragonfly (Eyefficient; Aurora, Ohio, USA)

Smartphone-based retinal imaging system [19, 20, 22, 23]
Adaptors for commercially available smartphones
25° (iExaminer adapter, WelchAllyn, Skaneateles Falls, New York)*
6-20° (D-Eye, Padova, Italy)*
20-30° (Peek Retina, Peek Vision, London)
50° (Volk iNview, Volk Optical, Inc, Mentor, USA)*
56° Paxos Scope (DigiSight Technologies; San Francisco, USA)*

45° Fundus on Phone device (Remidio Innovative Solutions, Bangalore, India)*

60° Vistaro (Remidio Innovative Solutions Pvt. Ltd., Bangalore, India)
MII RetCam (Make In India Retinal Camera)

OCT imaging [14, 15]

Complementary strategy in DR telescreening pathway to improve accuracy of DME detection

OCT optical coherence tomography, FDA Food & Drug Administration, DME diabetic macular edema

*Smartphone-based devices approved by FDA
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Clinical applications of Al for DR screening

The emphasis has been placed on Al, particularly deep
learning (DL) algorithms for breakthrough performance
in big data management and automated image-recognition
task [24]. As opposed to other autonomous image analysis,
DL algorithms substantially eliminate the manpower for
hand-engineering domain-specific features and allow to
explore more complex data patterns, performing an “end-
to-end” learning approach. The most suitable DL architec-
ture for image recognition is convolutional neural network
(CNN), which allows computers to perform visual inter-
pretation tasks. Computer vision and CNNss lie at the core
of the interest that has sparked in image-centric special-
ties, like medical retina, where image-capturing devices
of different modalities are used for disease assessment.
The recent introduction of DL-based Al to this process
has undeniable potential in staging/classifying DR on reti-
nal images, as recognized by the international regulatory
agencies [25] and is expected to improve the current dis-
ease management process.

Indeed, IDx-DR (Idx Technologies, Inc., Coralville, TA)
was the first autonomous Al system cleared by the FDA
in 2018 for the automated diagnosis of more-than-mild
DR without clinician-assisted interpretation in the com-
munity setting [25]. The leading application of Al coupled
with telemedicine is in the screening of patients in primary
care and community settings. Table 2 provides a summary

of DL systems with secured regulatory approval for DR
detection.

Of note, Heydon et al. have demonstrated the high sensi-
tivity of an automated retinal image analysis system to triage
retinal images from the English Diabetic Eye Screening Pro-
gramme, using human graders as the reference standard [26].

The rising volume of ophthalmic images for DR tel-
escreening requires highly trained graders in a relatively
cost- and resource-intensive process and is likely to outstrip
workforce supply, outlining the great interest in automated
image analysis. DL techniques for DR classification have
shown high performance scores as compared to human ref-
erence standards, highlighting the potential for using auto-
mated DL methods as a DR screening tool [27].

The most common Al-based approaches that can be lever-
aged for screening purposes are the assistive semi-automated
model and the stand-alone fully automated system, without
any human involvement.

Thus, it has been proposed that Al could assist the oph-
thalmologists in reducing the workload and also non-eye
health professionals in making an accurate imaging diagno-
sis, as well as in reading centers as an adjunct or as an alter-
native either to allied non-medical staff or ophthalmologists,
that could assume a supervisory role [27, 28].

If, on one side, the promise of teleophthalmology is
to increase the geographical coverage of clinical care for
patients with DM by decentralizing services, on the other,
new prospective Al applications aim to cope with the

Table 2 Summary of DL systems with the highest diagnostic performance for referable DR using fundus photographs

DL systems with secured regulatory approval for DR detection

Study Year Name Development site, Country ~ Regulatory status Detection
Abramoff et al. [25] 2018 IDx-DR University of lowa, USA First US FDA-approved mtmDR
autonomous Al device,
CE-marked medical device
Gulshan et al. [37] 2016 Google Inc. Google Inc., USA CE-marked medical device  Referable/non-referable DR
Ribeiro et al. [38] 2014 RetmarkerDR University of Coimbra, CE-marked medical device = Disease/no-disease grading,
Portugal microaneurysm turnover
Tufail et al. [39] 2015 EyeArt Eyenuk Inc., USA US FDA clearance, CE- mtmDR and vtDR
marked medical device,
Health Canada license
Ting et al. [40] 2017 SELENA+ Singapore Eye Research Approved by the Singapore ~ vtDR, glaucoma suspects and
Institute, Singapore Health Service Authority late stage AMD detection
to be implemented in the
national DR screening
program
Gonzalez-Gonzalo et al. 2020 RetCAD Thirona, The Netherlands CE marking as a class Ila Joint detection of referable
[41] medical device in the EU DR and AMD
Natarajan et al. [23] 2019 MEDIOS AI  Remidio, India CE marking as a medical mtmDR detection

device in the EU

DL deep learning, FDA Food & Drug Administration, A/ artificial intelligence, CE European Conformity, mtmDR more than mild diabetic retin-
opathy, vtDR vision-threatening diabetic retinopathy, DR diabetic retinopathy, AMD age-related macular degeneration, EU European Union
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growing shortage of eye specialists by supporting the triag-
ing of DR cases for adequate clinical care [28].

In addition, in the context of extensive lockdowns for
pandemics like COVID-19, Al can help to cope with the
backlog in patient care. Hence, Al implementation as part
of DR telescreening model in automated classification of
medical images represents an innovative, scalable and cost-
effective model for DR care [29].

DL algorithms have been developed using not only stand-
ard CFP, but also other image capturing techniques. Specifi-
cally, automated segmentation algorithms can also be used
on OCT volume scans, detecting intraretinal or subretinal
fluid associated with DME and helping to objectively assess
the treatment efficacy [30], and on UWF-CFP detecting ref-
erable DR [31] and classifying retinal vascular diseases [32].

In a screening setting, DL systems have also shown pos-
sibilities in predicting the risk of developing DR in patients
with DM, with the promise to optimize screening intervals
and improve vision-related outcomes [33].

Moreover, DL has yielded promising results in predicting
systemic biomarkers from fundus images [34] that afford a
unique opportunity for the non-invasive assessment either of
DM complications or complex pathologies of ageing, includ-
ing cardiovascular and neurodegenerative diseases [34, 35].

The use of AI for DR risk stratification and manage-
ment, facilitating clinical therapy and predicting treatment
response, could be promising, paving the way for personal-
ized medicine. Whilst the potential benefits are undeniable,
the scalability and the optimal deployment of these innova-
tions are still unclear [36].

At the current stage, there are still limits for implement-
ing Al in DR screening. First, ethical concerns and the need
for “explainable AI” have been raised due to the lack of
transparency on the features extracted by an Al model to
derive its prediction, known as the “black box” problem. A
potential solution is the deployment of saliency maps for the
interpretability of model results [27, 31].

Second, there is no validated function to detect DME;
therefore, a multi-modal method that combines fundus
images and OCT scans would be ideal. Third, it remains
unclear when non-DR findings, which have quantifiable
retinal manifestations, should be considered referable in
Al-based screening models [35].

Finally, there is a lack of reporting standards for many Al-
related studies that hinders the confidence of future evalua-
tions of this promising technology. The deployment of DL
algorithms in the real-world setting is difficult and still in
the early stages. Before considering any adoption in clinical
practice, it should be clearly established the intended use
and the degree of autonomy of the algorithms. Data integ-
rity, protection and cyber security should be continually
monitored.

Remote monitoring

Long-term care in ophthalmology has presented a great
challenge during COVID-19 pandemic because of the sheer
volume of patients with chronic retinal diseases, including
DR, and the limited accessibility to specialized care. A sig-
nificant issue for patients with DR is the clinical burden due
to the chronic and relapsing nature, which imposes frequent
follow-ups for timely management.

Remote monitoring technologies have been presented as
an ideal solution to provide appropriate and timely care for
patients with macular diseases outside the hospital and the
clinics. Specifically, investigational home OCT telemedicine
systems have been developed and designed as a complement
monitoring strategy for chronic retinal diseases in a primary
care model. This alternative paradigm approach comprises
a self-measuring OCT device, a digital platform for secure
and automated data transmission, and a DL algorithm for
automated quantitative OCT analysis [42]. Thus far, this
novel disease monitoring approach has provided evidence
for potential clinical use in neovascular age-related macular
degeneration (AMD), paving the way for its application in
a wide range of retinal diseases, including DME [42, 43].

Recent years have seen the widespread use of mobile
devices that has fueled the rise of remote health care for
monitoring patients in the home setting.

The CLEAR study has been conducted to demonstrate
the reliability of the Checkup Vision Assessment System,
a smart mobile-based application to measure visual acuity
(VA) and Amsler grid testing in patients with AMD and DR
at home. Checkup was user-friendly, and there was a good
agreement between the app and in-clinic tests in the ability
of monitoring patients (Pearson correlation coefficient r =
0.96) [44].

Two FDA-approved mobile medical applications for the
self-assessment of vision and hyperacuity are myVision-
track™ [45] and Alleye [46] examining a 3° and 12.7° of
field, respectively.

Faes et al. showed that regular smartphone-based home
monitoring could be a valuable adjunct for remote man-
agement of macular diseases, as the false alarm rate for
the detection of disease progression was 6.1% (95% CI:
2.0-13.8%), the positive predictive value 80.0% (95% CI:
59.3-93.2%), and the specificity of the test was 93.8% (95%
CI: 86.2-98.0%) [47].

Also, clinical outcomes of patients with DME could be
improved with remote monitoring with this mobile technol-
ogy. In particular, it has been demonstrated that patients able
to perform mobile hyperacuity home monitoring benefit in
terms of VA, and discontinue treatment less often compared
to patients not using home monitoring [48].
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Home monitoring could supplement telemedicine in the
remote management of patients with macular diseases by
reducing the cost and burden of care, as well as heightening
surveillance for clinical events. The ideal remote monitoring
tool should be user-friendly, at low cost, and able to auto-
matically assess clinical changes for prompt eye specialists
evaluation if necessary.

However, the safety and efficacy of remote monitoring
in DR care still need to be demonstrated. Further research
needs to differentiate which patients would most derive ben-
efit from this model of care in the context of the COVID-19
pandemic and beyond [49].

Pediatric population and telemedicine

Telemedicine can be advantageous to the management and
quality of health care provided for children and adolescence
with retinal diseases including DR. Telepediatrics has shown
to be reliable in the diagnosis and management of pediat-
ric ophthalmic conditions, with parents feeling comfort-
able with the quality of the tele-examination (98.5%) and
willing to participate in another in the future (97.1%) [50].
Smartphone based-retinal imaging is particularly attractive
in dealing with pediatric patients with retinal disorders, as
pediatric ophthalmologists need to perform comprehensive
and quick clinical examinations with adequate handling.
Novel smartphone-based fundus photography devices tai-
lored to imaging the posterior pole in pediatric population
have shown to minimize children's discomfort and improve
fundus photography accessibility [51, 52].

Children with DM can be easily examined with smart-
phone devices that are practical, easy-to-operate, lightweight

Fig. 1 Essential building blocks
for Al-assisted DR teleophthal-
mology screening

Decentralised care

NEXT
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with ease of image transfer. These devices may potentially
increase access to diabetic eye care in areas with limited
resources and closer to the households and decrease techni-
cal limitations during image acquisition in children.

Further studies are warranted to fully explore the integra-
tion of smartphone devices for pediatric diabetic telescreen-
ing. Even though there are gaps in the current knowledge,
there is evidence highlighting the potential role of telemedi-
cine in management of childhood and adolescent DR.

Recent studies have assessed the efficacy and cost-effec-
tiveness of a non-mydriatic fundus camera with autonomous
Al for the diabetic eye exam in youths, compared with a
standard eye examination, showing an improved adherence
to screening guidelines, that currently remain suboptimal
[53, 54].

Patient-centric digital DR healthcare
framework

Figure 1 shows the core components for Al-assisted DR
teleophthalmology screening that can be complementary
adopted to improve health care in specific practice settings.
The applications of these novel technology domains have
been facilitated by COVID-19, driving a rapid expansion of
telemedicine use [3, 55].

The envisioned decentralized patient-centric DR care
ecosystem is conceptually organized into synergistic areas
that include categories such as telemedicine, clinical Al and
the Internet of Things (IoT) [56]. IoT refers to the network
of interconnected of all the ordinary objects that provide
independent functions through various information sen-
sors [57]. Wearables are smart devices that can be worn or
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carried by individuals to monitor health outside the clinic.
Recently, Internet of Wearable Things (IoWT) has emerged
as a new segment of IoT [57], empowered by the tremendous
growth in the number of interconnected hand-held devices
from year to year [58]. Chronic disease management, such
as DM, is one field of health care in which IoT is expected
to have significant impacts [59]. Dwibedi et al. found that
using a digital lifestyle tool at least bimonthly significantly
improved metabolic control in patients with T2DM and the
improvement was sustained during 2 years [59].

These new technologies can enhance healthcare quality
at even lower costs, by collecting and sharing clinical data,
to help patients with chronic diseases with their lifestyle
management by daily monitoring of health parameters [59].

The rapid digitization of health care and the rise of these
ubiquitous technologies is leading to the building of a per-
sonalized ‘human digitome’ or a ‘digital twin’, terms intro-
duced for describing the virtual representation of a patient’s
health status and disease that is constantly fed with new
real-time data [60, 61]. Regarding DR care, a personalized
digitome in synergy with Al could be useful for physicians
to rapidly pinpoint patients with specific risk factors, sup-
port clinical decision-making in combination with tradi-
tional data, predict disease progression to create meaningful
interventions and simulate treatments without risk to the
subjects. It could be of great interest in providing important
real-world data for digital research, therapeutics and bio-
markers that are measures for explaining, influencing and
predicting health-related outcomes. Data from patient his-
tory, including duration and type of DM, and other param-
eters such as for example blood pressure, HbAlc and visual
acuity can be collected and integrated with data from other
specialties, increasing the predictive and diagnostic power
of the Al algorithms for DR screening.

As such, Al systems together with these emerging tech-
nologies could enhance the workflow efficiency and clinical
decision making in a multidisciplinary approach for DM.

The three digital models of retinal care are integrated
with and supported by three broad technology domains,
including blockchain technology, big data and next-genera-
tion networks (Fig. 1) [3, 4].

Blockchain is emerging in digital health care, with a
pivotal role in decentralization and cryptographic hashing
to preserve hospital and patient data privacy. Research has
been ongoing to deploy blockchain platforms for enabling
collaborative learning techniques toward the realization of
Al global model parameters [3, 62].

This decentralized digital healthcare model can facilitate
the traditional public health strategies in dealing with retinal
diseases such as DR, placing the patient at the center of the
healthcare system. In the post-COVID-19 era, it is antici-
pated that this “blended” care of person and virtual care will
benefit patients, if appropriately utilized.

Challenges and future directions

Teleophthalmology screening programs have shown to be
accurate and cost-effective alternatives to the traditional
face-to-face examination, reaching the same clinical out-
comes and high satisfaction rates among recipients and
care providers. People are increasingly interested in digital
health technologies, and also patients with DM are broadly
in favor toward DR telescreening [63]. Keel et al. [64] have
studied the feasibility and patient acceptability of Al-based
DR screening, showing that 96% of the participants were
satisfied and 78% preferred automated screening model over
manual.

Virtual model of care for medical retina clinics, estab-
lished to meet short-term needs due to COVID-19 pandemic,
has shown to be an effective and safe way of triaging medical
retina referrals and providing prompt treatment if necessary
[65, 66]. Virtual clinic settings are meant when patients have
imaging without detailed clinical encounters and discussion
with an ophthalmologist at the time of imaging. This new
healthcare pathway optimizes the use of current resources
and workforce whilst maintaining high-quality standards of
care. The implementation of multimodal UWF and OCT
imaging in this form of evaluation is a promising solution
to ease the burden on eye clinics [65, 66]. Therefore, it will
eventually evolve into long-term solutions.

The COVID-19 pandemic has shown that the time is ripe
for transforming the landscape of healthcare technology-
wise; however, there needs to be hard work in this arena.
Ethical, regulatory, safety and financial concerns have to be
carefully considered and overcome, before the implemen-
tation of a telehealth program [67]. In addition, the issue
of incomplete referral after DR telescreening is significant
among individuals with sight-threatening disease, particu-
larly in low education level and elderly population [68].

Inequalities in digital literacy lead to the exclusion of
those patients that should most stand to benefit, due to health
status, demographics, individual skill, access to infrastruc-
ture, training, and support.

Regardless the income setting, the most consistent barri-
ers are functional health literacy and awareness of DR [69].
Thus, telemedicine has the potential to introduce new risks
and deepen existing inequalities; educational interventions
and increased public awareness are required to establish
effective telemedicine DR programs [69].

WHO has recently issued guidelines for the adoption of
digital technology in health care. The development of these
new innovations can be exploited to tackle the common chal-
lenge among healthcare systems in achieving health cover-
age and sustainability in light of “benefits, harms, accept-
ability, feasibility, resource use and equity considerations”
[70].
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Conclusions

Advances in digital health have created an ecosystem ripe for
telemedicine in the field of DR to thrive, and COVID-19 pan-
demic has hastened this extensive operational overhaul in reti-
nal disease management. On this basis, the recent pandemic
crisis has given a significant boost to the implementation of
telemedicine, highlighting its potential benefits as a comple-
ment to traditional face-to-face models of service delivery,
not only in an acute care setting, but also in primary care.
Healthcare system responses require a dual-track approach to
boost surge capacity to contain the virus, alongside improving
health outcomes for people with non-communicable diseases.

Stakeholders and policymakers should adopt a participa-
tory approach to ensure sustained implementation of these
technologies as well as physicians should keep pace with the
changing models of care delivery to maximize the possible
benefits and limit the potential risks of Al implementation
in telemedicine services in ophthalmic care.
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